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RATIONAL  ADVISOR!  COMOTTEE  FOR  AERONAUTICS 


TECHNICAL  NOTE  NO.  1232 


EFFECT  OF  EXHAUST  PRESSURE  ON  TOE  PERFORMANCE 

OF  AN  18-CYLINDER  AIR-COOLED  RADIAL  ENGINE 

WITH  A  VALVE  OVERLAP  OF  62° 

By  Leroy  V.  Humble,  Tib  or  F.  Nagey 
and  David  S.  Roman 


SUMMARY 

A  dynamometer -stand  Investigation  vaa  conducted  to  determine 
the  effect  of  exhaust  pressure  on  the  performance  of  an  18-cylinder 
air-cooled,  radial  engine  equipped  with  a  convent  onal  exhaust  col¬ 
lector  ring.  The  Investigat  ion  c -verod  e  range  of  engine  speeds 
from  1400  to  2600  rpm,  inlet- -manifold  pressures  from  30  to  50  inches 
of  mercury  absolute,  fuel-air  ratios  of  0  063,  0.069,  0.086,  and 
0 . 100,  and  spark  settings  of  20°  and  35°  B.T.C.  The  exhaust  pres¬ 
sure  was  varied,  in  general,  from  approx  mutely  6  Inches  of  mercury 
absolute  to  about  20  inches  of  mercury  above  the  Inlet -man if old 
pressure . 

At  constant  values  of  engine  speed,  ir let. -manifold  pressure, 
carburet or- air  temperature,  fuel -air  ratio,  and  cooling-air  pres¬ 
sure  drop,  an  increase  In  exhaust  pressure  resulted  In  a  decrease 
in  power  and  charge-air  flow  and  in  an  increase  in  inlet-manifold 
temperature  and  average  cylinder-head  temperature.  The  exhaust-gas 
temperature  reached  a  peak  value  at  an  exhaust  pressure  of  about  0.8 
of  the  inlet  manifold  pressure. 

Comparison  of  the  results  of  the  present,  investigation  with 
those  previously  obtained  on  a  similar  engine,  which  had  a  smaller 
nominal  valve  overlap  (40°),  allowed  that  the  effect  of  exhaust  pres¬ 
sure  en  engine  power  and  charge -air  flow  was  greater  on  the  engine 
with  62°  valve  overlap.  For  example,  at  an  eng!ne  speed  of  2000  rpm, 
an  inlet -man '.fold  pressure  of  30  inchea  of  mercury  absolute,  and  a 
fuel-air  rat  o  of  0.065,  a  change  in  the  ratio  of  exhaust  pressure 
to  inlet -man if old  pressure  from  0.2  to  l.C  caused  a  52-percent 
decrease  in  brake  horsepower  on  the  engine  with  62°  valve  overlap 
and  a  31-percent  decrease  on  the  engine  with  the  40°  valve  overlap. 


introduction 


A  research  program  was  instituted  at  the  NACA  Cleveland  labora¬ 
tory  to  determine  the  increase  in  power  and  efficiency  obtainable  by 
gearing  an  exhauet-gaa  turbine  and  a  contreneor  to  the  crankshaft  of 
a  conventional  aircraft  engine. 

As  the  fir3t  phase  of  the  program,  a  dynamoae tor- stand  investi¬ 
gation  van  loads  on  an  IS-cylinAer,  air-cooled,  radial  engine  with  a 
40°  valve  overlap  to  determine  the  effect  of  exhaust  pressure  on 
engine  performance  and  cooling.  The  results  of  this  investigation 
ore  reported  in  references  1  and  2.  The  computed  performance  of  a 
composite  si .’tea  consisting  of  thin  engine  with  a  turbine  and  a  com¬ 
pressor  mounted  cn  a  cannon  shaft  end  geared  to  the  crankshaft  is 
reported  in  reference  3. 

During  the  course  of  the  foregoing  investigation,  a  newer  modol 
engine  of  the  same  type,  which  1  -iccrpomtad  several  changes  including 
an  increase  in  nominal  valve  overlap  from  40°  to  62°,  became  avail¬ 
able.  Because  the  change  in  valve  timing  wo a  expected  to  influence 
the  effect  of  exhaust  pressure  on  engine  performance,  an  investiga¬ 
tion  similar  to  that  reported  in  reference  1  waa  conducted  vltii  the 
newer  model  engine. 

The  investigation  covered  a  range  of  engine  speeds,  inlet- 
manifold  pressures,  and  fuel-air  ratios.  The  exhaust  pressure  was 
veried  over  a  wide  range  with  various  combinations  of  these 
variables. 

The  results  ere  presented  in  the  form  of  curves  that  shot-  the 
effect  of  exhaust  pressure  on  engine  tower,  charge-air  flow,  volu¬ 
metric  efficiency,  Inlet-manifold  temperature,  cylinder-head  temper¬ 
ature,  and  exhaust-gas  temperature .  Repro.aent.rti vo  curves  taken 
from  reference  1  are  included  for  comparison. 


INSTALLATION  ARD  1NSTWJHKNTATI0II 

The  R-2800-E7,  IP.-n.,  1  i odor,  air-cooled,  radial  engine  used  for 
this  investigation  has  a  tnko-i.lf  -rating  of  ii  1.00  brake  horsepower 
at  2800  rpm  and  a  normal  rcfug  of  I yOO  brake  homo  power  at  2300  rpo. 
Pertinent  s-QClficaf  ion.a  for  thl.:  engine  and  for  the  R-2800-5  engine 
(reference  1)  are  given  for  O'.npnr  1  non: 
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H-2eOO-5Y  H- 2800- 5 

engine  engine 


Boro,  inches .  5.75  5.7? 

Stroke ,  Inctioa . 6.00  C.00 

Diaplocement,  cubic  inches  . .  2804  2004 

Compression  ratio . 6.75  C.C5 

Fropo  llor- reduction-gear  ratio . 0,45:1  0.5:1 

Valve  overlap,  do^-eas . .  62  40 

Spork  netting,  dew,reo a  B.T.C.: 

Cruising  advance  .  55 

Mormal  advance .  20  25 

Blower-gear  rotio: 

Low  . . 7.29:1  7.6:1 

aig.li . None  9,45:1 

Impeller  diameter,  inches  .  11,5  11.0 


The  engine  was  equipped  with  sn  sutomatic  two-position  a  nark¬ 
ed  van  ce  unit,  which  wan  altorod  30  that  it  could  bo  locked  in  either 
of  tho  two  positiono  (20°  or  58°  B.T.C.). 

A  photograph  and  a  sketch  of  tho  setup  aro  shown  in  figures  1 
end  2,  respectively.  Tho  instollatlon  and  instrumentation  was  osson- 
tially  the  otune  as  described  in  reference  1. 

The  exhaust  collector  ring  woa  tlio  same  ao  that  used  in  rofer- 
onco  1  except  that  the  original  expansion  Joints  wore  replaced  by  a 
aleevo-typo  expansion  Joint  enclosed  in  a  gastight  bellows.  The 
collector  ring  was  built  in  halves  and  connected  to  the  laboratory 
altitude  exhaust  system  through  a  y-shoped  cootion  of  pipe  ond  a 
large  diameter  90°  Bitor  elbow.  Tho  engine  exheu3t  pressure  was 
measured  by  a  static-pressure  tap  located  whore  the  exhaust  pipe 
was  connected  to  the  90°  olbow. 

Exhaust-gas  temperatures  were  measured,  as  in  roforonco  1, 
approximately  18  inches  downstream  of  tho  Junction  of  tho  Y-shaped 
soction  with  threo  quadruple-shielded  chrome 1-slumel  thornooouplos 
lmmoroed  to  about  0.3  of  tho  pipe  diamotor  and  spaced  120°. 

Tho  cooling-air  total  pressure  in  front  of  tho  engine  va3 
i»a3urod  ahoad  of  cylinders  4,  10,  and  16.  Two  3hrouded  total- 
presaure  tubes  wore  mounted  on  supports  in  front  of  each  of  tho 
threo  cylinders:  one  at  tho  same  radial  distance  as  tho  middle 
circumferential  head  fin  and  one  at  the  same  radial  distance  as 
tho  center  of  the  cylinder  barrel.  The  cooling-air  inlot  tempera¬ 
ture  was  measured  by  throe  thermocouples  wired  in  parallel  and 
mounted  on  the  total-pressure- tube  supports. 
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In  reference  I,  static  pressure  behind  the  heads  was  .measured 
with  a  tube  on  each  rear-rev  cylinder  and  the  static  pm r sure  behind 
the  barrels  was  measured  with  three  ctatic-nreasure  tubes  mounted  on 
supports  behind  the  rear-rov  cylinders.  Tor  the  present  Investiga¬ 
tion,  the  static  pressure  behind  the  heads  was  measured  with  open- 
end  tubes  placed  ir.  the  sheltered  region  behind  the  baffle  curl  on 
the  inlet  nido  cf  cylinders  1,  E,  9,  end  15  at.  the  stare  radial  dis¬ 
tance  aa  the  cylinder-head  total-pressure  tubes,  The  static  pressure 
behind  the  barrels  was  similarly  obtained  on  the  seas  cylinders  with 
tubes  locr, ted  at  the  same  radial  45ster.ee  as  the  cyliijior-barrel 
total- pressure  tubes. 

Cylinder-head  temperatures  were  measured  or.  all  cylinders  with 
'  bayonet-typo  thermocouples  located  in  v-eils  at  the  rear  center  of 

the  cylinder  heads.  Thie  thermocouple  replaced  the  rear  spark-plug 
I  boss  and  gaaket  thermocouples  used  in  reference  1  barrel  tempera¬ 

tures  were  measured  on  all  cylinders  « ith  therrcccup’ea  that  were 
(  peered  Into  the  muff  at  the  rear  center  rf  the  barrel. 

The  total  pressure  at  the  carburetor  top  deck  was  taken  as  the 
.  carburetor-ir.let  pressure  and  the  carburetor-air  temperature  was 

\  taken  as  the  value  obtained  with  six  thermocouples  connected  in 

parallel  and  located  in  the  air  stream  about  5  inches  above  the  car¬ 
buretor  top  deck.  The  inlet-manifold  (blower-rim)  pressure  V3S 
measured  at  a  cianifold-pres’ure-gage  connection  lr.  the  blower  hous¬ 
ing.  The  inlet-manifold  (mixture)  temperature  in  the  inlet  pipes 
was  obtained  by  averaging  the  temperatures  measured  with  an 
unshielded  thermocouple  placed  in  the  center  of  each  inlet  pipe 
approximately  4  inches  from  the  port. 


I  PROCEDURE 

The  investigation  covered  a  range  of  engine  speeds  from  1400 
|  to  2600  rpm,  inlet-manifold  pressures  from  30  to  50  inches  of 

;  mercury  absolute,  and  fuel-air  ratios  of  0,063,  0.069,  0.085,  ana 

|  0.100.  Most  of  the  investigation  was  made  with  the  normal  spark 

eettinc  of  20°  3.T.C.;  seme  data  were  obtained,  however,  at  low 
power  with  the  cruij.iiig  sotting  of  3!;o  B.T.C.  With  each  of  the 
-  foregoing  variables  held  const  nr.  t,  the  exhaust  pressure  war  varied 
from  approximately  C  Inches  of  mercury  absolute  to  about  2C  inches 
cf  mercury  above  the  inlet-manifold  pres cure,  except  during  high 
manifold- pressure  operation  where  instrument  limitations  occurred 
and  in  a  few  other  cases  when  engine  operation  became  unstable  or 
Incipient  detonation  occurrod. 
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For  each  aeries  of  runs, the  cooling-air  nreaoure  drop  was  so 
adjusted,  that  the  maximum  cylinder-barrel  temperature  voa  tetusan 
2800  and  3000  y  (the  correa’-ondin g  maximum  Lead  temperature  was 
between  320°  and  a7'j°  F)  with  the  exhaust  pressure  at  approxi¬ 
mately  28  inchar,  of  mercury  abac  lute.  The  cooling-air  pressure 
drop  was  then  maintained  constant  at  this  value  while  the  ex.muot 
pressure  was  /cried.  S’ iff  latent  time  wqc  p  5  lowed  at  each  Value  of 
exhaust  pressure  fcr  the  cylinder  tempera t.  ires  to  retch  equilibrium. 
The  oil -in  teinuornture  w>o  maintained  at  160°  ±10°  t. 

In  most  Cason  the  Cilif'ine  charge  air  war;  taken  Into  the  induc¬ 
tion  system  directly  from  the  atmocphore ;  in  some  cases,  it  w.aa 
obtained  from  the  laboratory  high-pressure  air  supply.  The  ch-argo 
air  was  furnished  to  the  carburetor  at  a  premuro  Buff  I  clout  to 
give  the  don 'rod  In  lot  -as  til  fold  yroacuro  with  full-open  engine 
tkrottlo,  tj.’C  carburetor-inlet  pressure  being  ccntrol-lod  by  means 
of  a  butterfly  valve  located  in  the  chorae-alr  pipe  boovoon  the 
air-measuring  orifice  and  the  carburetor.  Ail  engine  data  wore 
obtained  with  the  online  throttle  in  full-open  position. 


H5SUI.TS  fJTO  DISCUSSION 

The  data  are  presented  in  a  manner  similar  to  tliat  of  refer¬ 
ence  1;  representative  or.rvou  from  reference  1  are  included  for 
comparison. 

Effect  of  exhaust  'treasure  on  lad  1  c-tefl  power.  -  The  dimen¬ 
sionless  quantity  ’  <f  (ratio  cf  euei.no  "indicated Tear.  effective 
pressure  to  eegino  iule t-mr.Ui'old  pressure)  is  used  as  a  meas.ire 
of  indicated  power  (reference  4). 

The  indicated  mean  effective  proc.T.'ro  (and  her.ee  4)  1  □  defined 
to  Include  the  contributions  of  all  four  strf.es  of  the  cycle;  4 
wee  corrected  tc  a  constant  inlot -mini  told  tompomture  of  fC0°  R  on 
the  assumption  that  indicated  powr  varied  inversely  is  the  abso¬ 
lute  inlet-manifold  temperature.  Tun  variation  of  the  ratio  4 
with  ths  ratio  of  engine  exhaust  proeouro  to  5 nlo t -manifold  pres¬ 
sure  pe/pm  for  the  various  if. let-men  If  old  pressures  is  shown  in 
figure  5  for  constant  valuer/  of  ejigine  u-aod,  fuej-a'r  ratio,  r.al 
spark  setting.  As  in  reference  1,  the  plots  are  1  ■idopondor.t  of 
inlet-manifold  pressure  for  the  range  covered.  The  effect  of  speed 
on  4  Is  email  within  the  range  nveat'/.ated  for  speeds  of  22C0  rpn 
and  above. 
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Ff.irod  curree  ( taken  from  reference  1)  Bhowt iig  tie  variation  of 
4  with  V0/t>d  for  the  ongjno  with  40°  valve  overlan  at  e  fuol-air 
ratio  of  0.005  are  lncludod  in  figuro  3(b)  for  comparison.  Although 
tho  curvos  for  the  two  engines  are  for  slightly  different  a park 
oottlngs,  tho  differonoea  botvean  them  may  be  considered  aa  illus¬ 
trative  of  tho  offect  of  tho  different  valve  overlaps.  For  oxnmplo, 
at  an  ongino  spood  of  2000  rprc,  increasing  Vg/Va  from  0.2  to  l.G 
rooulto  in  a  docraaae  in  4  of  42  and  25  percent  for  tho  82°  and 
40°  valve  ovorlaps,  respectively. 

Effect  of  oxhauat  pro a sure  on  brake  horsepower,  -  The  variation 
of  brake  horsopower  w' th  p0/pa  for  various  engine  speeds,  inlet- 
manifold  pressures,  fuol-air  ratios,  and  for  two  spark  eottings  is 
shown  in  figuro  4.  During  tho  investigation,  tho  carb.irotor -air  tem¬ 
perature  variod  slightly  from  550°  R  and  the  brnko  horsopowor  was 
corroctod  to  550°  R  on  the  assumption  that  the  power  variod  invoraoly 
as  the  square  root  of  tho  absolv.to  carburotor-nir  temperature.  Tho 
inlot-manlfold  temperature,  «s  shown  in  a  l3tor  soction,  increases  with 
ojchaust  pressure  for  constant  carburetor-air  temperature.  Ths  brake 
horsepower  shown  in  figure  4,  which  was  corrected  to  a  constant 
carburetor- air  temperature,  thus  includes  the  effect  of  tho  varying 
inlet-manifold  temperature;  whereas  tho  curv-03  erf  4  in  figuro  3, 
which  wore  corrected  to  constant  inlet-manifold  temperature,  do  not. 

The  brake  horsopowor  wan  measured  with  the  engine  throttlo  in 
tho  full-open  position,  the  carburetor  bo i rig  suppliod  with  air  at  a 
pressure  cuff iciont  to  give  the  dssirod  pressure  at  the  inlet  mani¬ 
fold.  Tho  variation  of  tho  ratio  of  inlet-manifold  prossuro  to  full- 
throttle  ccrburot or- inlot  pressure  i^„/p0  with  engine  spood  is 
shown  in  figuro  5.  This  I’airod  curve,  which  is  plottod  for  a 
cirburo tor-air  temperature  of  550°  P,  is  included  to  facilitate  tho 
dotormination  of  p0  for  tho  various  operating  conditions,  The 
curve  is  accurate  to  about  ±1.5  percont  for  values  of  pg/p,,,  near 
1.0  and  to  about  ±2.5  percent  ovor  tho  range  of  pe/pm  covered. 

Faired  eurvoe  of  brake  horsopower  against  Po/Pn»  obtained 
from  figure  5,  ore  shown  in  figure  6  with  similar  ourvoa  (blower 
gonr  ratio,  Y.6:l)  from  reference  1  for  several  ongino  opoeds  at  a 
fuol-air  ratio  of  0.065  and  lalot-manifold  pressures  of  30  and 
40  irxhea  of  mercury  absolute.  Tho  offoet  of  vs.lvo  overlap  is  again 
evident.  At  on  ong’no  spood  of  2000  rpn,  and  an  inlot-manlfold 
prossuro  of  30  inches  of  mercury  at sol uto,  o  chango  in  Pe /Pm  from 

0.2  to  l.G  cauaos  52- end  31-porcent  docreasos  in  power  for  the  62° 
and  40°  valvo  overlaps,  respectively. 
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The  effect  of  uxhaus  t  pressure  cm  engine  brako  horsepower,  can 
be  generalinod  t,  use  of  the  dimension} ess  quantity  a,  defined  as 
the  ratio  of  the  brake  h  irae never  at  any  value  of  Pq/p^  to  tLo 

brake  horsepower  at  pu/pm  =  1.0  for  the  same  altitude,  ng-lno 
speed.  Inlet -man!  fold  pr-asurt,  fuel -air  rat '  o,  and  apart  setting. 
The  variation  of  a  with  i^/%  for  constant  online  speeds  la 
shown  in  figure  7.  Each  curve  represents  the  beat  possible  fairing 
for  all  the  data  obtained  at  that  engine  speed. 

Effect  of  exhaust  pvc33.iro  on  charge -air  flow  and  vofuraotric 
efficiency.  -  Tlio  variation  of  chnrgc-a  r  flow  W0  with  p^/% 
far  various  engine  speeds,  inlet -manifold  pres  euros,  i'uel-utr 
•patios,  and  for  two  spark  settings  is  shown  in  figure  cl  The- 
.  charge-air  flow  was  corrected  to  -a  carburetor-air  tern  .vr-vturo  of. 

550°  B  by  the  same  method  as  tho  brain-  horsepower,  'Hie  figure 
'  shows  that  charge -air  flow  doer  oases  with  incr«i;:j  ‘  ng  l\/Pn  in 
much  the  same  way  aj  power . 

Faired  curves  of  char go -air  flow  against.  pc/rm  obtained 
from  figure  6  are  ahovn  in  figure  9  with  similar  curves  (blewor 
gear  ratio,  7.6:1)  from  reference  1  for  cev.ra!  engine  speeds  at.’ 
a  fuol-air  ratio  of  0.035  and  lul  -’.t  -man  if  old  pressures  of  30  and, 

40  inches  of  mercury  absolute.  In  general,  the  engine  v'th  62° 
valvo  overlap  h  i’  a  greater  breathing  capacity  than  ti  e  engine 
with  40°  valve  overlap  when  pe/rm  was  less  than,  1.0  and  a  smaller 
capacity  when  %/pja  was  greater  than  1.0. 

The  volumetric  efficiency  (defined  as  the  rat’o  of  the  vol¬ 
ume  of  charge  air  taken  into  tho  one Inc  per  cycle  at  in  Let -manifold 
pressure  and  temperature  to  tho  displacement  volume  of  the  engine) 
is  plotted  against  p^/n^,  for  onntunt  tr.gino  speed  a  in  figure  10; 
curves  from  reference  1  are  Included  for  comparison.  The  data 
obtained  with  the  engine  with  62°  overlap  over  the  range  of  exhaust 
pressures  at  tho  various  Inlet  manifold  pressures,  fu*.  1-air  ratios, 
and  at  two  spark  settings  are  included  in  figure  10  and  good  corre¬ 
lation  of  the  data  is  observed. 

From  fl,;.-uroo  5  and  0  the  auxiliary  supercharger  power  required 
to  suply  the  charge  air  to  tho  carburetor  con  be  c  .rr.i  ui.rd  for  any 
altitudo  and  engine  condition.  This  auxiliary  a-iper-lior  or  power 
must  bo  subtracted  from  the  measured  brake  horsepower  to  obtain  the 
actual  brako  horsepower  because  in  this  investigation  the  carburetor 
air  was  supplied  by  tho  laboratory  a  r  system  at  the  pressure  neces¬ 
sary  to  give  the  desired  inlet -manif old  pressure. 
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Variation  of  power  with  ohryge-alr  flow.  -  The  veriation  of 
Indicated  horsepower  minus  pumping  horsepower  (ihp  -  php),  which 
represents  the  work  of  only  the  c depression  and.  expansion  strokes  of 
the  cyclo,  with  charge-air  flow  Wc  is  shown  In  figure  11.  Sepa¬ 
rate  plots  are  shown  for  each  fuel-air  ratio  and  spark  setting,  and 
each  plot  is  keyed  according  to  engine  speed.  The  data  obtained 
over  the  range  of  exhaust  pressures  at  each  inlet -manifold  pressure 
are  lncludod  in  the  points  shown  for  each  engine  speed.  Fower  and 
air  flow  wore  corrected  to  a  constant  inlet-manifold  temperature 
of  660°  H. 

The  correlation  of  the  data  ia,  in  general,  satisfactory.  The 
scatter  that  occurs  is  probably  mainly  due  to  blow-through  of  charge 
during  the  vnlvo  overlap  period  at  low  exhaust  pressures,  to  system¬ 
atic  errors  in  the  estimation  of  pimping  power,  which  was  based  on 
a  square  indicate’"  card,  and  to  small  changes  In  combustion  and 
cycle  efficiency. 

Effect  of  exhaust  pressure  on  inlet-manifold  temperature.  -  The 
present  investigation  showed  that,  with  constant  carburetor-air  tem¬ 
perature,  engine  speed,  inlet -manifold  pressure,  and  fuel-air  ratio, 
the  inlet-manifold  temperature  tended  to  increase  as  the  engine 
exhaust  pressure  was  increased.  This  increase  is  illustrated  in 
figure  12  where  Tffi  -  Tc  ( iniet-menifold  temperature  minus 
carburetor-air  temperature)  Is  plotted  against  Pg/p^  for  constant 
engine  speeds  and  fuel-air  ratios  at  a  carburetor-air  temperature 
of  approximately  TSO0  R,  Tile  plots  are  Independent  of  inlet- 
manifold  pressure  and  spark  setting:.  The  increase  of  Tm  -  Tc  with 
pe/pm  1 8  considerably  mere  pronounced  at  low  than  at  high  engine 
speeds,  and  when  the  exhaust  pressure  is  greater  than  about  0,0  of 
the  inlet-manifold  prescure. 

Exbaust-gos  temperature,  -  Exhaust-gas  temperature,  as  measured 
in  the  unlaggnd  exhaust  col  lector,  is  plotted  against  pe/pm  for 
the  various  ongine  operating  conditions  in  figure  13.  The  measured 
temperature  increased  as  engine  spoed  and  inlet-manifold  pressure 
increased  and  ns  the  fuel-air  ratio  decreased  from  0.100  to  0.069; 
the  temperature  stayed  substantially  constant  ns  the  l'uel-ulr  ratio 
was  further  decreased  to  0.063.  A  chnrigi*  In  spark  setting  from  20° 
to  35°  B.T.C.  rosultod  in  a  decrease  in  exhnust-gno  temperature  for 
otherwise  constant  conditions,  as  would  be  oxoocted  bo cause  of  the 
improvement  in  the  the real  efficiency  of  the  engine.  The  tempera¬ 
ture  reaches  a  peak  value  in  the  region  of  It; /j^  near  0.0.  Unpub¬ 
lished  data  obtained  on  t.1,0  engine  of  roforenco  1  indicated  that, 
with  tho  collector  well  lagged,  the  exhauwt-pna  toraporaturec  were 
about  250°  F  higher  than  with  tl:e  uni  egged  collector. 
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Effect  of  exhaust  pressure  on  cylinder- head  temperature,  -  Tlie 
variation  of  oyi  inder-head'ttimperature  with  exlu'Udt  pressure  la 
shown  in  fig' as  14  by  plotting  the  quantity  (i’j,  -  T„)  /('I'h  *  ri'c)l 
against  Pg/Pn  for  conetnnt  inlet  -manifold  pressures,  angina  speeds, 
and  fuel-air  ratios.  The  cooling-air  pressure  drop  serosa  tlio  cyl¬ 
inder  loads  was  very  nearly  constant  for  each  set  of  variable 
exhaust- pressure  runs  and  the  average  valves  ait-  listed  in  the  fig¬ 
ure.  The  quantity  (Tj,  -  T,,)  is  the  difference  between  the  average 
cylinder-head  temperature  and  the  cooling-all-  inlet  temperature: 

(Th  -  Tp_)t_  is  the  c.onespondlntJ  value  at  pa/p^.  -  1,0,  The  quan¬ 
tity  (Th  "  ^a^/^h  "  Ta)l  Increases  with  increasing  Pe/lfa  despite 
the  consistent  decrease  in  power  level  shown  in  figure  3. 


SUMMARY  OF  HEfULTS 

The  results  of  a  dynamometer- stand  investigation  conducted  with 
an  engine  with  62°  valve  overlap  (S-2300-57  (C-series))  over  a  range 
of  engine  speeds  from  1400  to  2"00  rpm,  inlet-manifold  pressures 
from  30  to  E0  inches  of  mercury  absolute,  exhaust  pressures  from 
about  6  inches  of  mercury  absolute  to  apnroxi mutely  20  inches  of 
mercury  above  the  inlet-manifold  pressure ,  fuel-air  ratios  of  0.063, 
0,069,  0.00b,  and  0.100,  and  spark  settings  of  20°  and  35°  E  T.C. 
may  be  summarized  as  follows: 

1.  At  constant  values  of  engine  snood,  inlet -manifold  pressure, 
carburetor- air  temperature,  fuel-sir  ratio,  and  cooling-air  pres¬ 
sure  drop: 

(a)  Engine  power  ana  charge-sir  flow  decreased  as  the  exhaust 
pressure  increased. 

(b)  Inlet-manifold  temperature  increased  with  exhaust  pressure. 
The  effect  was  more  pronounced  at  low  than  at  high  engine  speeds 
and  at  oxhaust  pressures  greater  than  about  0.8  of  the  inlet- 
manifold  pressure, 

(c)  Average  cylindor-hsad  temperature  increased  with  axkaust 
pressure. 

(d)  Exhaust-garj  temperature  reached  a  peak  value  at  an  exhaust 
pressure  of  about  0,9  of  the  inlet-manifold  pressure.  In  general, 
the  exhaust-gas  temperature  increased  as  engine  speed  and  inlat- 
manifold  pressure  increased  and  ns  the  fuel-air  ratio  decreased  from 
0.100  to  0.069;  it  stayed  substantially  constant  as  the  fuel-air 
ratio  was  further  reduced  to  0.063. 
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2.  The  effect  of  exhaust  pressure  on  engine  power  and  charge- 
air  flow  was  greater  on  the  ongine  with  62°  valve  overlap  than  on  a 
similar  engine  with  40°  valve  overlap. 


Aircraft  Rigine  Research  Laboratory, 

National  Advisory  Committee  for  Aeronautics, 
Cleveland,  Ohio,  January  2,  1947. 
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Fig.  3&  con c I  . 


(b)  Concluded.  Fuel-air  ratio,  O.0U|  apark  setting  20°  B.T.C. 

Figure  3.  -  Continued.  Variation  of  ¥  with  P(/pn*  Values  or  f  corrected  to  constant 
lnlet-aanlfold  temperature  of  660°  R. 
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iaaot-nMilfoU  t«9»ntur«  of  660°  r. 
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Figure  4.  -  Contlrvuifl,  Variation  oT  br-V.f  horsepu-er  till,  p  /r  • 
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(b)  fruel-air  ratio,  0.0«J6;  spark  setting,  29  •*  H.  !'• 

figure  B.  -  Cotilirurl.  Varlaiior.  of  ohnrge-air  floe  *c  at  th  pe/pB.  Charge-air  flow 
corrected  to  oonaturt  '■.aro-.. relor-ajr  leopezalure  of  5E>0°  H. 
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(c)  Pud-air  ratio,  0.069}  apart  setting.  80°  B.T.C. 
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(a)  Vuol-eir  ratio.  0.  100;  spar*  setting,  aO-*  B.T.C. 
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Dynamometer  tests  were  conducted  to  determine  increase  in  power  and  efficiency  obtaina¬ 
ble  by  gearing  exhaust-gas  turbine  and  compreesor  to  crankshaft  of  conventional  engine. 
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haust  pressure  wa3  measured  by  static- pres sure  tap  located  at  connection  of  exhaust  pipe 
and  90°  elbow.  Inlet- man if old  pressure  increased  with  exhaust  pressure.  Effect  of  ex¬ 
haust  pressure  on  engine  power  was  greater  with  62°  valve  overlap  than  on  engine  with  40° 
overlap. 
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